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I_EMORANDUM REPORT
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WI_--%TDN___L IN_FES_GA_f0N OF THE _FECTS OF SLOT SHAPE

AND FLAP I,OCATiON ON _ C!{A_RACTEP,IST!CS OF A LOW--DI_-,_G

AI-P_01L EQUI-P_<?ED_l'f_IA 0.25--CH01_DSLOTTED FI$_P

By Ralph ]_T.Holtzcla_ a_d Yale Weisman

SDi_RY

An investigation was made to determine the effects of slot
shape and flap location on the characteristics of an NACA 66,2--2!6
(a = 0_6) airfoil equipped with a 0.25--chord slotted flap -toprovide
a basis for the study of drooped ailerons. _¢o slots were i_vestigated
and practical flap paths were selected for each. One slot had a refunded
entry; the other had an entry designed to reduce the gap with the flap
retracted to a practical minimum.

Slot shape was found to have a negligible effect on the maximum
lift coefficient if the flap was properly located. With the flap

deflected, the rounded--entry slot had lower drag coefficients for
intermediate lift coefficients than the minim_gap sloto For either

slot, the increment of section pitching--moment coefficient caused by
flap deflection was approximately proportional to the increment of

J_o • ° I.sec_ion lift coefficieno.

With the flap retracted the minim_--gap slot had a lower
minim_ml profile--drag coefficient_ low--drag characteristics over a
larger range of lift coefficients, and slighbly higher section
pitching-moment coefficients than the rounded--entry slot.

The flap locations for _ximum lift and minimt_n drag with
respect to the airfoil (flap deflected) were further aft and higher
with the minimum-gap slot than with the rounded-entry slot.



2 MR No. _hTO_ -

INTR 0DDC TION

For some time the National Advisory Committee for &eronautics

has been investigating airfoils equipped with high--lift £evices for
the purpose of improvir_g the performance characteristics of these
airfoils. The rest_its of teats of lo_-drag airfoils equipped with
slotted flaps have been presented in reference i. The results of
reference 2 show that_ on conver.tional airfoils, openlng_.'-"_ __n"....._ne
alrl O_.l " "_ o -._surzac caused a m.eas]._3.-able increase i_ lo-ragof the airfoil

fez' the condition of high-speed fliglrt. It was also found that tke
location of the flap had a lar_se i_fluence on the magnitude of the
max'_m_Imobtainable lift coefficienbso

To provide a basis for a study of :_:hecharacteristics of
drooped ailerons, the effects of _s!ot shape and flap location on
the section aerodynamic characteristics of a low-@_ag airfoil were
determ'.ne& a_d practical flap paths were seiecLed.

_le Bests were conducted in the 7--by ].G-foot win& turin.elNo_ i
of the Ames Aeronautical I:aboratory.

COEFFICI_;NTS _al_DCORRECTIONS

The coefficients use& in _he presentation of results are as
follows :

c% section lift coefficient (I/qc)

_c I ir.crement of section lift coefficient due to flap deflection

edo profile-drag coefficient (&o/qC)

cm section, pitching-moment coefficient about quarter chord of
section with flap in neutral position (m/qcs)

hem increment of section pitching--moment coefficient due to flap
de flec ti on

where

Z sec 4ion lift

do profile drag

m section pitching moment
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q dynamic press_re (_-,oVm)

c airfoil chord including flap

and

so angle of at,tack for infinite aspect ratio, degrees

_f flap deflections degrems

the lift, profile-_Irag_ and pitching-moment coefficients have
been corrected for tunne]._-wall effects. A comparison of force-test
results with pressure-distribution measl_rements of section lift and
pitching-moment coefficients Imdicated negligible en0_--piateeffect
on these coefficiemts. _._e end-plate effect on the profile-drag
coefficients was determiued by a comparison of measurements of the
loss of mome_t_in in the wi_ wake with the force--test meas1_'ements,
All -the results have been corrected for this effect.

MODEL A_ 9IPPARATUS

_l!aeairfoil was constructed of laminated mahogany to the

NACA 66,2--21o (a = 0.6) profile of 4-foot chord. The airfoil
ordinates are given in table I. The aft 0.35 chord of the airfoil
was made removable to allow the testing of different slots. The

airfoil and f!am were equipped _¢ith a om,,gle row of pressure orifices
built into T,he upper and lo_¢er surfaces at the mi£span station. The
orifice locations are listed in table If. The flap was constructed.

of ls_ninated mahogany to conform to the profile of the nomr_.l
airfoil section. 'The flap ordinates are {_iven in table Ill. _fhe
details of the t_,ro_lo_,s tested are shown in figure i Slot A had
a rounded entry, while slot B had an entry designed to reduce the
gap with the flap retracted to a practical minimt_.. 'l__e slots will
be referred to by their letter designations throughout the remainder
of this report.

TEST INSTALLAI![0N

The airfoil was mounted vertically in the 7- by 10--foot wired

tunnel No. i completely spa_ning the height of the tunnel, as
shown in figure 2. _rntables, 6 feet in dia_meter, were attached
rigidly to the model .and mounted flush with the true,el floor and
ceiling. Provisions were made for changing the angle of attack_
flap deflectior., and the nor_l and chordwise loca Lion of the flap
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while the tunnel was _n operation.

TESTS

The tests were oondutcted at a d.ynszaicpressure of 50 pounds
per square foo b_ corresponding to a Reynolds number of approximately
5_i00,000 (Mach ntm_er of approx. 0.!9). Lift, drag_ and _-_n_" ,_
moment, measu>ements _.,_Gremade i.hroughout ti_euseful _r_ .....e.-of.-__-tac]-',__
range for a constant flap deflection and position. An average of
20 flap locatio._s was investigated with each slot for flap deflections

of 0°, i0°, 200_ 30° , 40° , and 50o . A very limited number were also
investigated for 45°. Due to the high ).oads imposed upon the balance
system and the nature of the stall of the model, very f_¢ test points
were obtained after the stall. %:le zaaxim_a lift, however, was

measu-.._edfor every flap location.

i_ESL_TS AND DISCrJo_ON

detezI,._Inethe effects of slot shapeThe results of tests to .... "

and flap location on the characteristics of a low..,<Iragairfoil
equipped with a 0.25-cho:.._dslotted flap are prose,_-_tedas con_ou ....
of the nose position of the flap for constant lift and dmag coeffi---
cients. The reference poinb for _hese contours was taken as the
intersection of the airfoil chord line and the flap nose with the

flap retracted (s_at,mon 0.755 chord on the chord line)

The variation of maxim_1 lift coefficient with flap location

and deflection is sho_rn in figure 3 for slot A and in fig_are 4 for
slot B The flap location _._.,.t_1respect to -the airfoil for -nlaxim_m
lift at a given deT!ec_moi_ is further a-fT,,and higher _¢ith slot B
than with slot A. The maxim_m measured lift coefficient was 2.$9

slot (fi. 3(d)) 2.90 with slo, (fi.
difference between these values is within the experimer-tal accuro,cy
of the tests. Both maxim_.m_values were measured with 40° _l_p
deflection. Due to time limitations, the maximt_m possible lift
coefficient, was no_ measured for all flap deflections.

The lift coefficients for which the contours of _ ....

coefficients are presented were selected to cover the r_nge o2'lifl;
coeffi "" ....cme_,_s for which bn_ drag coefficieot is decreased by flap
deflection. These data are presented for various flap deflections
with slot A in figure 5 a_zd_,._ithslot B in figure 6. .&s in the
case of the __,xira_mlift coefficiezzt, the flap locatior for
minim_m drag_ at a givo_ deflecbion and lift coefficient, is.farther
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aft and higher with slot B than with slot A. The meastrred minimum
drag coefficients for intermediate lift coe_:1_cments are lower with
slot A than with slot B. _lis is probably the result of smoother
flow through the slot with the rounded, e_try.

Complete aerodynamic cna,r_,cteristics of the airfoil with slot A

are shown in figure 7 for the flap z_,._tm,d_e,sc_ibedby figure 8. For
thi_'_.path.the flap is _im_l-_._..__ _ h_,-,_ed_. abotlt a point $0.25-_percent,. wing
chord from the leading edge of the, airfoil_ _,o_=,__° ,_ S..-pe'_centwir-g chord
below the chord line, tile chaz'ac:0eristics of the airfoil with slot .B

are shown in figure 9 for 'lee flap path desCribed by figure i0. For
this path the -_]ap nose moves aft and u_ aio_g a str-_ight line with
the flap deflection imcreasln([ as tn_ f!a_ is extended. _lese zlap
paths were chosen with a view toward a ]Dractical inn ¢_iz_zon.
Sufficient data have been presei0ted in the form of contours (figs. 3
to 6) to .... ,-'-e_ _ll._i_ue the maximum __"_'-..L..,.._,., and drag characteristics for
alternate flap paths.

Enve!ope polars for the two flap paths are sho_,znin.figure ii,
J- IData for the plain airfoil as _,a1_enfrozm reference I are also shown

for comparison. As sho_,rnby this figure, lower profile drag was
ob!,aiaed with slot A than with slot B for lift coefficients from

0.65 to 2.65. The irregularities in these curves are caused by a
shift of the lob.r-dragrange with flap deflection (figs. 7 and 9).

A compari_:_on of the maxi:,n_,0,lift--coefficient increments due to
flap de±lecclon for the -two flap paths is _mown i<_figure 12. For
f_urther compariso:_ curves ar.e shown for the mazimtum liz o--_oe,_ficient
increments .... , _m_.{a_oLze!,,, _¢ith the "b_._TOslots. As sho_,.rn,by figure 12_ and
figures 3 and 4_ the maximum measured lift coefficient was obtained
at a flap deflection, of' -_0° for bo i:hslots. It should be re-emphasized
that a limited J:mmber of poi_vts were taken for the contours so that
the maximum obtainable lift was not measured for every flap deflection_
particularly for -the low deflections.

As illustrated by -_"±zgure 13, the increments of section pitching--
moment, coefficient due to flap deflection are approximately
proportional to the i_crements of sectior_ li±"_ocoez_,_.c'ient. The

variation shown is for zero angle of attack for the selected flap
paths.

A comparison of the section aerodyn.amic characteristics of the

airfoil_ _.riththe slot-bed flap undeflected, with the
characteristics of the plain wing as taken from reference i is
shown in fid_me 14, As shown by this figure, the drag increment
due to the addition of the slot was considerably higher with slot A
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th_n with slot B. The minimtum profile--dloag coefficient was 0.0055
_ith s_!ot A and 0.0049 with slot B as compared to 0.0040 for the

plain airfoil. The range of lift coefficients for which low-drag
characteristics were apparent was _!argGr with slot B than with slot A
(fi .

CONCLIIDING RE_gZRKS

The results of the tests to determine the effects of slot shape
and flap location on the characteristics of a low--drag airfoil
equipped with a 0.25-chord slotted flap indicated the following:

i. Sio% shape had a negligible effect on the maximra_ lift
coefficient for the two slots tested if the flap was properly located.

2. For intermediate lift coefficients with the flap deflectGd,
the rounded--entry slot had lower profile drag.

3. For either slot the increment of section pitching--moment
_ •coefficient due to flap deflgction was a_pro_mmate_y proportional

to the increment of section lift coefficient.

4. The addition of the minimt_m gap slot %o the plain airfoil
caused an increase in the section profile--drag coefficient of
0.0002 (flap retracted)_ while the addition of the rounded--entry
slot caused an increase of 0o0015.

5. Low drag was ob rained for a larger range of lift coeffi"
cients with the mini_--gap slot (flap retracted) than with the
rou_ded--entry slot.

6. _e pitching--moment coefficients were slightly higher with
the minim_m}-o_a]?slot (flap retracted) than _rith the rounded--entry
slot.

i_a©s Aeronautical Laboratory,
National Advisory Committee for Aero_autics_

Moffett Field_ Calif.
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TAB!S I.-- 0RDI],L&TESFOR NACA 66,2--216 (a : 0.6) AIRFOKL
o,,aLon_ am& ordinates in perceno of a_r!.oJl chord ]

Upper surface ] Lo_'er surface
t

star']or_ Ordiuate i star-_on Ordinate

0 0 1 0 0
.371 1°2h2 1 ,629 -1.112
o607 i. 50± I .893 __. " --i.3_

oo,< ! 409 ,608
io091 !. oou i. --i
2. 317 2. 615 2o 683 --2.127
k.794 q,701 I .206 _ _' _. i 5 -2 ,,_o9
7.284 4,563 J 7-,"[16 --3-441

9 7"31 _. :_08 t i0 "" --3 93_14,768 6,, 500 . 3.5. 212 • --4,_ 702
19,, 806 7.1,.28 t 20,.2.94 --5.290

832 8.155 i 25 _68 --_.74124°

29.662 S.708 i 30o138 --6.060
34.697 9+0°8 ! 35° ],0.3 --6,,312
39. 936 o.356 i 40. 064 --6.462
4!#,,°,78 9.471 j 45. 022 --6,523

50,023 9.431 lj 49. 977 _ --6.483
55,07.3 9.224 _ 54° 927 --6+336

60.14_1. " 8. 800 I 59, '359 --6.04-8
65.191 8.0@'_- t 64.,8o9 -5,574
70,198 7.060o I 69,802 -4. :$66
75, iSl 5,889 I 74. 819 -4. 037
80. :148 4. 585 j 7c_.,852 -3. lO7
85,106 3.265 I_ 84+ 694 --2_177
90,061 i. 937 I 89.939 -i. 235

95.021 .762 j 94. 979 -0432i00 0 i00 0

L.E. radius: i ....[_ T°F_, radiums: 0.0625
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T__BLE II,- PREssDr_-01_FICE LOCATIONS IN THE NACA 66_2--216

(a = 0.6) AIRFOIL AND IN THE 0,25-CHOP,D SLOTTED Fi_.I_

Wing orifices Flap orifices

Station Station I

(percent (percent
airf oil Surface airf o_i• Sur face
chord) chord)

0 Leading edge 75.00 Leading edge
.625 Upper and forcer ! 75.20 Upper and lo_er

1.25 I 75.60
2.50 76.40
5.O0 77.50
7 •50 78.80

i0. O0 80.00

15. co 82.5o
20.O0 85,O0
25. O0 87. O0
3o.co 9o.co
35.O0 92.50
4o.co 95.co
45.O0 i 97.50
50. co I 98.80 /

55,oo _

6o.co
65.co
7o,oo
72.50 L_er
75.00 Upper a-_d lower ,'

77- 50 iLower

z Flap retracted
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TAm,E IXl.- ORDINATESFOR 0.2>-C_0RDSL0¢_D FLAP
ON THE NACA 66,2--216 (a = 0.6) AIRFOIL

[Stations and ordinates in per-
cent of airfoil chor_

Station Upper sul_face Lower surface

75.0oo -1.875
75.921 .042 -3.062
76.042 .895 -3.437
77.083 1.937 -3.604
78.125 2.646 -3.417
79.167 3.125 -3.229
80.208 3.458 -3.042

81.25o 3.646 -2.854
82.292 3.687 -2.646
83.333 3.625 -2.437
84.375 3.437 -2.250
85.417 3.208 -2.062
87.500 2.646 -1.667
89.583 2.083 -1.292
91.667 1.542 -.917
93.750 1.062 -.583
95.833 .604 -.333
97.917 .271 -.167
LO0

T.E. radius: 0.0625
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FleXUrE 12.- ItVC_EI4ENT OF IvIAx/Av}uII_ ,.5"_C7/GA/ Z/FT" C'04_7C'/_'/V'7" DU_
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AId,COIL. EQUIPPED IdlITH THE 0.25- CHOBD FL 19P
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